This study is an approach to investigate the viable impacts of screw manufacturing. At the same time, choose the suitable material and selected manufacturing process of screw by considering environmental aspects without sacrificing the economic aspect. It is important to the organisation to improve the environmental aspect. Therefore in this study, the decision making was focused on economic aspects to produce the synergy results between economic and environmental impact. The parameters involved were types of material and manufacturing process of screw which using the available data of environmental and production volume. The two different manufacturing approaches being evaluated were machining and forging process. The types of material concerned for forging process encompassed low carbon steel, alloy steel stainless steel, and aluminium alloy. On the other hand, for machining process, the material being considered in screw manufacturing were cast iron, low carbon steel, alloy steel, stainless steel and aluminium alloy. The information of environmental impacts that generated from SolidWorks Sustainability tool and screw production cost were calculate using Manufacturing cost model, both information was used in Analytic Hierarchy Process (AHP) analysis to obtain local priority of economic and environmental impacts. Then, the ranking of both global and local priorities from economic impact and environmental impacts had enabled the determination of appropriate material used for those selected screw manufacturing process. As result, low carbon steel was chosen for forging process whereas cast iron was excelled in machining process, at the same time, stainless steel was not suggested to be used in both two processes.
Introduction
Recently, the environmental problems such as global warming, acid rain and pollution had increased the awareness of the public on environmental issues. There are a lot of researches have been conducted to improve profitability in manufacturing processes such as concurrent product development [1] , manufacturing process selection and costing [2] and etc. Thus, most industries in developing countries have to look forward to be more aware about the environment. Today, the key for manufacturers in order to sustain in very competitive and challenging market is the ability to cope with the needs of sustainable development. Brundtland (1987) had reported; in 1987 the development which meets the needs of the present without compromising the ability of future generations to meet their own need is known as sustainable development [3] had declared. Theoretically, although sustainability contains of three pillars, which are economic, environmental as well as social, but, this study was merely concentrated on the economic aspect without neglecting the environmental aspect. Through literature, interlocking circle model [5] emphasized environment as the most critical aspect which need to be improved. Hence, the goal is to position environmental aspect as important as economic aspect. Previous study by Chee Kiong Sia et al (2013), only investigated the environmental impact of screw manufacturing [6] . The selection of screw mainly based on 4 environmental impacts generated from SolidWorks Sustainability. This study had continuity from previous study. In this study, the viable impact, the combination economic growth and environmental protection pillars were analysed. The role play by a decision maker is to determine the best alternative and to rank the entire set of alternatives. AHP was recognized as one of the most popular analytical technique which usually used in complex decision making task [7] . In fact, it is easy to perform and does not need advanced technical knowledge as the judgement is made based on people's experiences. This report is regarded to the study that investigates the environmental and economic impacts of screw manufacturing with respect to alternative material over two manufacturing process which are machining and forging process. Then, the final decision is selected based on the ranking from the analytic hierarchy process (AHP).
Methodology
The study began with the CAD modelling of M5 hexagonal machine screw. After all the parameters had been decided, the sustainability analysis concerning environmental impacts was carried out using SolidWorks Sustainability, at the same time manufacturing cost was calculated. Then, the data of environmental impacts and screw manufacturing cost were applied in AHP, so that the selection of suitable material with minimum environmental impacts and maximum economic impacts that respected to both manufacturing methods in screw manufacturing can be done.
SolidWorks Sustainability tool. The SolidWorks Sustainability software is a kind of powerful sustainability tool that integrates in SolidWorks software. It can be used in sustainability analysis to evaluate the four environmental impacts throughout the life cycle of product yet incorporate sustainability into design process. In this study, this tool has been adopted for environmental impact analysis for two selected manufacturing process with alternate material change.
Screw Manufacturing Cost Model. The process cost is determined using a basic processing cost (the cost of producing an ideal design for that process) and design-dependent relative cost coefficients (which enable any component design to be compared with the ideal) [8] . The model is based on type of material, material volume and shape of the part that produced. Material costs are calculated taking into account the transformation of material to yield the final form, so single process model for manufacturing cost, M , can be formulated as, [8] :
V is the volume of material required in order to produce the component, C mt is the cost of the material per unit volume, P c is the basic processing cost for an ideal design of component by a specific process and R c is the relative cost coefficient assigned to a component design. In order to obtain manufacturing cost total production per annum must be obtain, and type of manufacturing process involved, in this case since we are calculating screw manufacturing cost by forging and automatic machining. Different production volume was used in production cost calculation in two types of production process mention earlier. 
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Analytical hierarchy process (AHP). Firstly, the problem was structured by identifying those possible attributes that contributes to the solution. Data were used to calculate production cost and four environmental impacts generated from SolidWorks Sustainability tool. As the hierarchy was well constructed, the matrices of pair-wise comparisons were formed for each criterion and alternatives. These comparisons were used to obtain the weights of importance of the decision criteria and the relative performance measures of the alternatives in term of each individual decision criterion.
Results and discussion
During the sustainability analysis, the input includes material, manufacturing process, location of manufacture and distribution. The material type and manufacturing process were the variables while the location of manufacture and distribution was assumed happened in Asia region. Subsequently, regarding to the environmental impacts, they are measured in term of carbon dioxide (CO 2 ), sulphur dioxide (SO 2 ), phosphate (PO 4 ) and energy [9] . Meanwhile for economic pillar, the manufacturing cost of different kind of material and process was calculated, production volume was taken into account in production cost analysis. These impacts were specifically referred to single unit of screw.
All in all, different types of material with different manufacturing process had given different results of environmental impacts. This study was using M5 hexagonal screw as the only example. When looking at the details of hexagonal head screw production, there were several stages usually will be gone through to get the final product. There were similarity for some stages like cutting the thread, heat treatment and also coating for both forging and machining processes, so these similar stages were neglected in this study. The Table 2 had represented the data of environmental impacts obtained from the sustainability analysis for one piece of screw on the forging operation and machining operation respectively, the study was then proceeds to evaluate stage where AHP was undertaken. The following Figure 2 had depicted the hierarchical structure that utilized in both forging and machining process accordingly, the criteria are the manufacturing cost and the four environmental impacts. At criteria level, the local priorities for these four impacts were obtained. They were ranked according to above important level, with values of 0.5959, 0.2010, 0.1086 and 0.0845 respectively. In the following determination of local priorities on the alternative level, it was based on the data of (a) (b)
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screw manufacturing cost model calculation and environmental impacts that collected from sustainability analysis with different types of materials, material used were cast iron (CI), low carbon steel (S), alloy steel (AS), stainless steel (SS) and aluminium alloy (AA). The global weight were determined, the table 3 were regarding to the composite priority weight for alternative in both processes. To improve the environmental pillar the change need to have the weight for the environment and cost at 50:50. Finally, the maximum value found in global priorities was denoted as the best alternative. By referring to Table 4 (a) which displayed the results of global priority in forging process, low carbon steel, was selected as the best option because had attained the largest value of global priority, which was 0.3104 follow by alloy steel (AS), aluminium alloy (AA) and stainless steel (SS) were 0.2663, 0.2212 and 0.2022 respectively. In brief, stainless steel was not an environmental friendly material and was not encouraged to be used if the environment was concerned in the forging process of screw manufacturing in addition, it is also the highest in screw manufacturing cost. On the contrary, the utilization of low carbon in this process was highly demanded as it exhibited the minimum environmental impacts.
However, when referring to Table 4 (b), it can be deduced that cast iron was the most desirable outcome since it had obtained the highest value of global priority that was 0.2758 compared to others material. The low carbon steel that normally used in screw products had achieved the second place, with the value of global priority of 0.2188. In a nutshell, stainless steel was not recommended to be applied in screw manufacturing because neither in forging nor machining process, it had given the smallest value in global priority which means not an environmental friendly material and high manufacturing cost. 
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Furthermore, generally it is known the higher the production volume the cheaper the manufacturing cost for a single part. Next, by referring to table 5 (a) which displayed the results of global priority in forging process with different production volumes, low carbon steel, was selected as the best option because had attained the largest value of global priority. Global priority for aluminium alloy increased as the production volume increased. Lastly, in machining process the utilization of cast iron was highly demanded as it exhibited the minimum environmental impacts and maximum economic impacts regardless of the production volume, second was low carbon steel, refer table 5 (b). Specifically for stainless steel and alloy steel the higher the production volume goes the smaller value in global priority, for viable impact this two materials is not recommended for screw manufacturing. 
Conclusion
In conclusion, the best combination with the optimum performance between environmental and economic aspects of screw manufacturing was obtained. This was done by ranking the priorities using the AHP. The results obtained from viable impacts analysis were only focused on screw head and screw shape formation, in spite of others stages such as screw thread and screw treatment in screw manufacturing process chain regard with the manufacturing cost. Production volume was used in economic impact analysis; with different production volume low carbon steel still the best to choose from in forging process, meanwhile in machining cast iron was chosen regardless of the production volume. In a nut shell, AHP is a user friendly decision making method. Stainless steel was not recommended to be applied in screw manufacturing because neither in forging nor machining process, it had given the smallest value in global priority which means not an environmental friendly material and high manufacturing cost.
